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nijAriAi iun ur wnttn em chnu Nitini ion iechniuueg rmt timcE metal 

DETECI IUrM. B.R. Molloljont, E. I). iwda I I > , K.l. KinqlieJd L J 
BiownlP*, Department d f Cliemistr y , r.ai lelun University, Utlswa 
Ontario., K1S 5D7,; p, vijan, Laboratory Services branch, we. 



J n_tj oJucUon 

Hie u«mall goal ul this |ii(ij«_t is Mm design, LuratruU 

"" J verificatiun r>f a Mtcr ampler fur the preconcer.trat Ion i, r 
trace metals fro* ran acid treated di Inking water, it. preparation 
fur analysis by imfcu. t i voly coupled plasma emission spml, o.iiapy 
(I CPUS I. Ibis I1.15 been appiuuched Lluuutjli tin- adaptation nr .in 
existinq preconcetttration system for organic pollutant* in raw 
and treated Hatet developed or these 1 aim. alui i», .vmI currently 
under test by the Ministry i.r the Invii unmer.l . ft sibe-atic of 
the Kilter ■ imn lei is shown in figure I. 

r.. U5r Iupcs effectively fur wier analysis and tu Lake 
advantage of its s imnl taneouo multi element rapabilily, 

simultaneous pi ecrjneentr at i cir, oT a-, many as possible target trace 
metals is required, the target metals are a qi mip uf potentially 

tonic metals found I h and treated mIb u -,„,., as aluminum, 

chromium, tobaJt, copper, iron. lean, manganese, nuicury, 

molybdenum, nickel, strontium, v.urail.urt, I , , „, . ttwwatei 

sample"; alsa contain other metals at null, higher conrentrat ions 
sui I. o-j sodium, potassium, ralclua, ..imI magnesium. [,, term ul 
toxic risk. these can be called irrelevan t. Kuril presence, 
however, can cause ser iuus main, interference* in ICPES 

analysis. 
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Successful trace analysis of heuvy metal ions requires the 
elimination of irrelevant but interfering hard metal ions. tn 

this pi aliased preconcentrat ion procedure, the scparatiun uf the 
tmgeL metals from the ii relevant Metals is being achieved 
thrpuuh sel ec t i ve adsorpt ion on a mod i f i ed resin cunt A ined in a 
column. The resin is modified hy the addition of a chelating 
ligand. Essentially, the column can simultaneously provide an 
oU'.iiTinng medium Tor the tat yet trace metals and an eluting 
medium fur the irrelevant metal ions. Traditional methods 

involve collection of all metals* followed by the selective 
I'lut lini, coprec ip i tat ion or extraction of the netals of interest. 

The d if f erent iation of the it r e levant hard and the trace 
so t t mi'Ljl ions is possible because nf their different 

ci imp le« iug charac ter ist ics. The hard a t kaL i and a 1 fcal i -ear tli 

met a Is pmIi iti i t a preference fur a liar d donor atom, such a«> 
iiHygen ., f 01 cump lexat ion. The soft heavy metal s exhib i t a 

prpfer(?nrp for a Soft donor atom,, such as sulfur or nitrogen. 
Ihei ef or e, preferent ia 1 comp I px.it i on can he emp loyed to separ ate 
haid from soft metals . To ensure that the undesirable met a Is are 
1 mil i hijiiu'j 1 y pluted during the concentration of the heavy metals, 
the I igand should have soft nitrogen and sulfur donor atoms 
preferably used in combination with each other in a polydentate 
I i g.ind . 

The I igand-- to-resi n bond can be formed by varying the lesin 
type and mani pul at ing the terminal func t ional group on the 
I igand, tn ach 1 eve var ious ti i ml 1 ng mechanisms . An adsorbent I ink 
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:■. most applicable for the mnthpcJidogy dnired in these studies, 
mIi ich r rqu ires fast batchwi se rem in prppara t ion, flexibility in 
binding and elutiun of metals, and choice nf eUitiun products. In 
the des ir ed b i tiding met ham sm the bi dentate fir clirl.ite 1 i (jand 1 s 
hydf ophoh ica 1 Ly adsorbed to the r Ml n tu f urm metal uitm|i 1 ewes by 
rovalent donor bonds. The adsorption of the 1 igand to the te^m 
in strengthened by an r?lec tr ostat i c attraction between the 
hydrophobic aromatic structure of the resin and the hydrophuh i x 
ar nm.it ir pin lion of tlie 1 igand. 

!Iduii' r iiiwerc ial 1 y available 1 igdnds that are possible 
candidates for the dt?sii etl extraction are c!-mer captupyr itlir*?, 2 
quinol inethiol t 2-mercaptn thiarol ine and £?-mercaptbben?othi azo le . 
H»r. i 1 iTi'iil 1 i teratur e has shown the ati i I 1 ty of fl- 

mei r ap toiiuino 1 ine to precuivcenti ate micru amuunt^ uf elements in 
rv.it m a I water* These elements include a wide range of metals 

from hn th gr oup *r£ and A3 1 . 

The type of resin chosen to lie tested will he Xrtl) <■ . This 
resin has been successfully used to support hydrophobic chelate 
ligauds which coordinate using either P. sulphur afciMS iir 1 
sulphur and I nitrogen .itin". 



I Sim 1 menta 1 

I bo overall design of the Irate metals pi ecoucentr at ■ on 
instrument is the same as that of the organic samplnr. The majm 
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emphasis in adapting the design to one suitable for metal 
analysis is on trie replacement of stainless steel cuMionent!> with 
Teflon or other organic materials such as nylon, polypropylene or 
polyethylene. 

Initial tests wi e perfurmed to determine which I iqaud 
yielded the optimum ratio of ligand to resin. Ullini 
consider at ions for the choice of ligantl were the ease of resin 
preparation and shelf life of the loaded resin. The ligand 
chosen was 2-wi cap tobenzo thiazo le IhlBI since a ratio of 0.5 
mmol Iigand:l ml resin provided the maximum concentration of 
ligand completed on the resin. This ratio presents a. 3 mmol of 
ligand for Bvm y !i ml of resin, There is surf il lent amount of 
ligand on the «00 to completely complex with the metals since a 
<<0 ppb metal sample in a 85 ml solution represents approximately 
IxlOe- B moles of metal. 

Exper i mentation was performed using glass columns packed 
with S ml of the ligand loaded resin. fill materials were soaked 
In concentrated nitric acid ami thoroughly rinsed with 
dr'ionized/disti 1 led water. fl ZiO ml cocktail of five heavy metals 
- cadmium, chromium, zinc, copper and lead I lug each! arid une 
of four undesirable metals potassium, sodium, magnesium or 
calcium (ID to 300 ppm each) - in de lorii zed/d i s 1 1 1 led water was 
applied to tire columns. 1 he columns were then washed with 50 ml 
of deioni zed/d isti 1 led water to simulate actual sampling 
conditions and to determine the retention of the bard and/or soft 
metals on the column. Ihe columns were then eluted with 3S ml of 



151 nitric acid and the samples were stored i r\ po 1 ye thy lene 
bottles. Solutions of methionine or cysteine in 5X nitric acid 
were also tested as possible eluting agents. 



Results 

The initial experiments u r the column containing IO0 grams 
of treated resin were performed with a I mL test sample 
containing 1OO0 ppb of cadmium. Artec a SO mL wash and a 1 X 
nitric acid elution, essentially 70 X recovery was obtained. 

Similar conditions were used to test the effects ul 
inter fereixres on five heavy metal iuns. The range or 
interference concentrations used was f r in to 'JOO ppm, while the 
concentration of test metal ions - chromium, copper, line, 
cadmium and lead ■ was <i0 pfih . The results for interferences 
from magnesium and calcium as functions a( their concentrations 
are shown in figures E and 3. Recoveries in the preserx:e of 
sodium and potassium interferences were rxjt affected 
significantly compared to interferences by calcium and magnesium. 

Ihe recoveries of test ions following elution are variable 
with and without the presence of interfering ions. Cadmium and 
lead exhibit approximately IOOX recovery In almost all cases 
while copper, chiumium and zinc exhibit much lower recoveries, 
with the highest recoveries occurring at the lowest concentration 
of the interfering ions. Copper exhibited the lowest recovery 
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even in the absence of interfering ions. 

The extracts Mere analyzed Inr the presence of these 
Interfering ions and rata wore found, indicating that these ions 
«ere not bnund to the ttqand at the time uf elution. 

Uiscus-jion 

The adaptation of the dioxin preconcentrat ion •-.ampler to the 
detection of trace level? of Heavy metal ions has involved 
■several major consider.it inns. The first is the r. Oliver siuu of all 
internal surfaces from stainless steel to inert plastics to 
minimize the adsorption of metal ions or hydra turf metal oxides In 
any hydrophi I lc surfaces. Another, is the adaptation of the 

filtering step to insoluble metal detection. Finally, of much 

Importance, is the development of a suitahle ligand for soluble 
metal ion detection. 

Hie first step is in progress and the fully adapted 
prevent entration instrument will be functional in the near 
future. The second step requires only the identification of 
filter materials similar to those used in the organic sampler 
which will not interfere with mildly acidic extraction processes 
required for metals. The filtration step is optional arid ir 

desired, the water stream can be taken directly til the adsorption 
Columns to avoid this step. The adaptation of the column 

adsorbent procedures is the most impoi tarit feature nf this 
research. Essentially, a technique is being developed to be 
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transparent to irrelevant ions rim] thus, r.ol im: t i ve ly capturing] 
the heavy «etal ions of interest. The adsorbent is treated with 
inn selective ligands in an effort to pr eferent ial I y adsorb the 
tr ace ions at the *iO ppu level i n a background of 1*> to 300 ppn 
of alkali and alkaline earth metal ions. 

The results show that liTH is a very effective chelating 
agent for Some of the Lest metal kans* It does riot appear In 

bifid eithei the monovalent alkali metal ion's or the divalent 
alkalin** earth ions but tloe^ appear to bind the tai yet metal 
ions- This i_an be deduced f i on. the tib^er veil rncovery behaviour. 

In the absence of interferences, cupper, zinr and chromium 
ehvdlprtt Ions yield low recoveries while those nf trnl*n.m anil 
lead tend to be highest, particularly in the absence of 
inter fe* ing ions. This carrel a tes wi th the vei y strony honil i ny 

of i ridmiuifi and lead to sulphur, and the pi efei enre of i In omidrn, 
copper and zinc for bonding to ligands c un ta i n i ny oxygen cif 
nitrogen. lht?se latter ions are more easily complexed by either 
water or the oxygen-containing nitric acid ion than ai e cadmium 
and lead. This situation is urn hanged in the presence of sodium 
or potassium because these ions have vei y weak bondiny to sulphur 
1 igands. 

Thus, accordiny to the data, it does appear that lil.T is 
rf fet live as a selective chelating agent foi the cadmium and lead 
inns which are most stronyly hound hy sulphur, from a h.iLpi 
ma tr i k , even in the pr esenre uf inter fer i rig ions . The ions o f 
chromium, copper and zinc are trot completely retained fur two 
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rftiMiM. First, in the absence of Interfering ions the ligand is 

ikjI efficient .it retaining these metals during the water wash 
used tu remove the Inter fer i rig ions pr iur to ac id elul ion. 
Second , in the |ir esence of interfering ions thei e Is a fur titer 
"salting out" effect which increases with increasing interference 
conrnntrat ions. 

1 lie IX nitric «c id med ium i & adegu.it r? Iur effect i ve e lut Ion 
of the teat iona. In revising the experinenLa, mure retentive 

Ligands must be studied to pen mi t significant rapture of the 
liar der c upper , chr on i urn >nid zinc me ta 1 a. This wou I d r egu ire 
liuamts with more readily available thiol groups, replacing the 
■terrapin I igands or possibly amino groups rattier than aromatic 
hi trogen atoms. In any case , lite work uu this Tirsl I i gand has 
pr ov ided cvl derw:e that the com ept uf spier I i ve ti ace metal ion 
t aplur p 1 ^ vi ah le, and further wor k to opt i mi re the 1 1 yand 
9 true tut e ahoul d peroti t the effective ana Lysis of mus t tax 1c 
metals at or below ttie ppb level. 



HereT.ejsjPii 

1/ Vu. n Uankovsky, H.V. Vlrcavs, O.EL. veneris, n.R. Polinr 

and D.K. Virrava, Talanta, l?B7, 3^,, I7V-10K. 
2/ J. Utwastowska and E. ffozcr, Talanta, 19(35, $£, 37<#-576. 
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FIGURE 3 
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